Abstract PURPOSE: To study the contribution of immunologic background to the uptake of fluorine -18 -fluorodeoxyglucose ( 18 F -FDG ) by the tumor tissues. METHODS:
Introduction
Fluorine -18 -fluorodeoxyglucose ( 18 F -FDG ) has been approved by the HFCA for clinical application, and is currently extensively used in oncologic patients to detect the enhanced glycolysis of the malignant tumor tissues using positron emission tomography ( PET ) technique. The usefulness of 18 F -FDG -PET in the management of cancer patients has been reported in various situations, such as differentiating benign from malignant lesions, preoperative staging including lymph node metastasis, follow -up of postoperative patients, evaluation of therapeutic effect, and so on [ 1,2 -5 ] . Although 18 F -FDG is a valuable cancerseeking agent, it has also been reported to accumulate in acute and chronic inflammatory lesions, granulomatous diseases, and autoimmune diseases [6] [7] [8] . In those cases, 18 F -FDG is expected to be taken up by inflammatory cells such as granulocytes, lymphocytes, macrophages, and so on. Because cancer tissues consist of tumor cells and stromata, it is possible that infiltrating cells in the stromata also take up 18 F -FDG. In some specific situations where the tumor was affected by intense host reaction, such as after radiation therapy, 18 F -FDG uptake by tumor tissues often increases despite the decreased viability of tumor cells [ 9, 10 ] . The main purpose of this study is to evaluate the contribution of nontumorous factors, such as host immune reaction, on the tumor uptake of 18 F -FDG and to study the modifying effect of immunomodulators.
Materials and Methods

SCCVII Xenograft
SCCVII murine ovarian squamous cell carcinoma cells were grown in MEM medium ( Nissui Pharmaceuticals, Tokyo, Japan ), supplemented with 12.5% fetal calf serum ( GIBCO Laboratories, Grand Island, NY ) and 0.03% L -glutamine, in a 5% CO 2 environment. A single cell suspension of 2Â10 5 SCCVII cells was subcutaneously injected into the left thighs of female immunocompetent C3H / He or athymic BALB / c nu / nu mice. The SCCVII tumorbearing mice were used for biodistribution study 11 days after the injection of cells. 20 -g mouse were determined, from which tumor -to -blood or organ -to -blood ratios were calculated.
All animal experiments were carried out in accordance with the regulations regarding animal care and handling and were approved by the animal care committee in the Kyoto University. Statistical analyses of independent variables were performed and a probability value ( P ) of < .05 was considered significant. Table 1 summarizes the biodistribution of 18 F -FDG in immunocompetent and athymic mice bearing SCCVII xenografts in a nonsteroid pretreatment group. The striking difference was the significantly higher tumor uptake observed in immunocompetent mice compared to that in athymic mice ( 9.96 ± 0.47% vs 3.50 ± 0.40%, P < .01 ). In addition, the blood level of 18 F -FDG was higher in immunocompetent mice, along with uptakes in the spleen and lungs ( P < .01 ).
Results
Tumor -to -blood ratio was also higher in immunocompetent mice ( 21.83 ± 1.33 vs 11.47 ± 2.07, P < .01 ), whereas liverto -blood and bone -to -blood ratios were higher in athymic mice. After steroid pretreatment, the tumor uptake of 18 F -FDG was substantially reduced only in immunocompetent mice ( from 9.96 ± 0.47% to 7.68 ± 0.55% ), but was still significantly higher than that in athymic mice ( 7.68 ± 0.55% vs 4.11 ± 0.76%, P < .01 ) ( Table 2 ). The blood level of 18 F -FDG and various organ uptakes were also higher in immunocompetent mice after steroid pretreatment. However, tumorto -blood and organ -to -blood ratios did not show any significant difference after steroid pretreatment except for stomach -to -blood ratio. The effects of steroid pretreatment on the biodistribution of 18 F -FDG and also on organ weight in immunocompetent and athymic mice were compared and the results were summarized in Figure 1 . In immunocompetent mice, steroid pretreatment significantly reduced the uptake of 18 F -FDG in the liver and SCCVII tumors ( P < .01 ), and also significantly reduced the tumor -to -blood ratio ( P < .01 ). In contrast, in athymic mice, steroid pretreatment did not affect the tumor uptake of 18 F -FDG. Tumor -to -blood ratio rather increased a little. The weight of the spleen significantly decreased after steroid administration in both immunocompetent and athymic mice ( Figure 1c ), whereas there was no difference in tumor weight in both mice.
Discussion
In the present study, the biodistribution of 18 F -FDG in immunocompetent and athymic mice bearing the same SCCVII xenograft was compared along with the effect of steroid pretreatment. The uptake of 18 F -FDG in SCCVII tumor was significantly higher in immunocompetent than in athymic mice. Both mice were transplanted with the same cancer cells, which similarly formed tumor in both mice, with no apparent difference in histology. Therefore, differences in the metabolic activity of cancer cells are not likely a cause of the difference in 18 F -FDG uptakes. from the body. However, in addition to percent uptake in the tumor, tumor -to -blood ratio was also significantly higher in immunocompetent mice and the difference in the immunologic background seemed to be the major contributor. 
Effects of Steriod Pretreatment on Tumor Uptake of
The previous literatures reported two opposite observations. Kubota et al. [ 12, 13 ] beautifully demonstrated that a high accumulation of 18 F -FDG was shown in macrophages and granulation tissues in experimental syngeneic tumor xenografted in immunocompetent C3H / He mice, which is similar to our model used in the current study. In contrast, Brown et al. [ 14 ] reported that 3 H -FDG mostly accumulated in viable cells of rat syngeneic breast cancer rather than in macrophages and granulation tissues. We suggested that differences between two observations might be caused by a variability of the host immune response against implanted tumor cells. We were not able to obtain a successful microautoradiography to identify the responsible cells taking up 18 F -FDG using the same method as we used in our previous study [ 15 ] because of poor resolution. However, we found numbers of small necrotic foci and mild but diffuse infiltrations of mononuclear cells on hematoxylin and eosin sections of SCCVII tumors growing in both immunocompetent and athymic mice. Therefore, SCCVII tumors would be clearly recognized by the host immune system in both mice.
In vivo tumor growth can be allowed, only when host immunity missed the tumor tissue to some extent. Therefore, in case the host immune system did not recognize or fully respond against tumor cells, host cells would not greatly contribute to 18 F -FDG accumulation in tumor tissue as we found in athymic mice. Steroids are reported to have powerful anti -inflammatory effects and to induce the apoptosis of lymphocytes [ 15 -21 ] . Some authors have reported the shrinkage of spleen following the use of steroids due to a large -scale destruction of lymphocytes ( B and T ), which was also observed in the present study. The present investigation showed that steroid pretreatment significantly reduced the tumor uptake of 18 F -FDG only in immunocompetent mice.
Because steroid had no effect on the tumor uptake in athymic mice, it is unlikely that this dose of steroid directly affected the metabolic activity of cancer cells. The effect of steroid on activated lymphocytes ( especially T -cells ) infiltrating in the cancer stroma, therefore, is a possible mechanism of action. In immunocompetent mice, xenografted tumor is recognized by the host immune system, and there should be activated immune cells in the cancer stromata. Steroids are reported to induce the elevation of plasma glucose level that might change the tumor uptake of 18 F -FDG [ 22 ] . However, we did not detect any significant hyperglycemia in other sets of mice, which were injected with the same dose of steroids as we used in this study ( data not shown ). Because this elevated amount of plasma glucose was much smaller than reported values, which can alter the tissue uptake of 18 F -FDG [ 22, 23 ] , the effect of hyperglycemia to the tumor uptake of 18 F -FDG would not be substantial in this model. In addition, in our recent work using concanavalin A, a potent stimulator of T -lymphocytes, we have reported that concanavalin A increased the 18 F -FDG uptake both in vitro and in vivo by splenic cells and infiltrating mononuclear cells in the liver, resulting in alteration of the biodistribution of 18 F -FDG in immunocompetent mice [ 15 ] .
In clinical situations, we sometimes observed that the 18 F -FDG accumulation in metastatic lymph nodes was extremely high in spite of smaller number of cancer cells contained in the lymph node. The findings in the present study could explain the intense uptake of 18 F -FDG by the metastatic lymph nodes because lymph nodes contain a large number of lymphocytes, which can be activated by the presence of cancer cells. These activated immune cells take up 18 F -FDG and make the lymph node uptake of 18 F -FDG very high, and can increase the detectability of metastatic lymph nodes with the clinical 18 F -FDG -PET scan.
In conclusion, the present study showed that a substantial amount of 18 F -FDG uptake by the tumor tissues was contributed by the immunologic response in an immunocompetent host, which could be modulated by immunomodulators.
